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Purpose: To compare the effect of phacoemulsification on corneal epithelial thickness in
diabetic and nondiabetic cataract patients.

Methods: Fifty eyes with cataracts were enrolled in a prospective comparative interven-
tional study. They were divided into two groups: group A (diabetics) and group
B (nondiabetics) and underwent uneventful phacoemulsification. Epithelial thickness was
assessed in the central, paracentral, and peripheral cornea on the first day and at 1 week, 1
month, and 3 months postoperatively using spectral-domain ocular coherence tomography.
Results: A significant increase in the first-day postoperative central epithelial thickness was
noticed in both groups (57.16£3.5 pm and 55.96+2.81 pum in groups A and B, respectively),
with increased baseline epithelial thickness of 3.8+2.1 um and 3.4+2.14 um in groups A and B,
respectively (P<0.001). A significant decrease in epithelial thickness was noticed in both groups
after 1 week (—2.40£3.1 pm and —2.76+2.71 um in group A and B, respectively). No further
significant change was noticed in the nondiabetic group at 1 month; however, significant
reductions in for central epithelial thickness were found in the diabetic group up to the first
month (—0.80£1.9 pm, P=0.05). Central corneal thickness followed the same pattern of change
as the epithelium. A nonsignificant delay in visual acuity improvement was noticed in diabetic
patients.

Conclusion: Phacoemulsification induces a temporary increase in corneal and epithelial
thickness that should resolve by the first week postoperatively. However, diabetic patients
had slower epithelial recovery that took up to 1 month, which could be reflected in delayed
visual recovery with no effect on the final visual outcome.

Keywords: cornea, epithelial thickness, phacoemulsification, diabetics, ocular coherence
tomography

Introduction
Phacoemulsification is considered nowadays the surgery of choice for cataract
removal worldwide." Corneal endothelial changes after phacoemulsification have
been thoroughly assessed in different studies.” > Also, corneal epithelial thickness
changes have been mapped following cataract-removal surgery in a normal popula-
tion using anterior-segment optical coherence tomography (AS-OCT).*’
Spectral-domain OCT (SD-OCT) has proven to be a better tool for examining
the corneal epithelium than time-domain OCT, because of its better resolution and
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ability to solve the problem of artifacts associated with eye
movement during examination due to its higher imaging
speed.® Multiple studies have proven its reliability and
repeatability in measuring epithelial thickness.”'' AS-
OCT has been used in multiple studies to assess the
epithelial thickness of normal healthy subjects and
dry-eye
syndrome,lo keratoconus,13 and ectasia,14 and also in
diabetics."”

Diabetes causes a series of changes on the ocular surface

changes in relation to diurnal variation,'?

and the cornea.'® The corneal epithelium has been found to
decrease in thickness in diabetic patients versus the normal
population in some reports,'> while it showed no change
from that of nondiabetics in other studies.!” Also, since
many diabetic patients fall in the same age-group as those
at risk of senile cataracts (>50 years), this puts them at higher
risk of developing those changes. Almost 20% of patients
undergoing cataract surgery are diabetics.'® To date, no stu-
dies have been done to compare the effect of phacoemulsifi-
cation on the corneal epithelium in diabetic and nondiabetic
populations. In our study, we used SD-OCT to assess corneal
epithelial changes in diabetic and nondiabetic cataract
patients after phacoemulsification.

Methods

Fifty eyes of 50 patients were enrolled in this prospective
nonrandomized interventional study. Patients were admitted
to the Ophthalmology Department of Kasr Alainy Faculty of
Medicine, Cairo University hospital through outpatient
clinics from October 2014 till July 2015.

Groups

Group A comprised diabetic (type 1 or 2) cataract patients..
Patients with diabetic retinopathy or severe neuropathy were
excluded from the study..Group B comprised nondiabetic
cataract patients. Grade NII-NIII cataracts using the Lens
Opacity Classification System II were included.'® Exclusion
criteria for both groups were ocular surface diseases (includ-
ing severe dry eye), corneal scars or opacity, previous corneal
surgeries, history of long-term use of eyedrops, history of any
type of glaucoma, and retinal problems affecting visual
acuity.

All patients in both groups underwent the same preo-
perative assessment routine of corrected and uncorrected
distance visual acuity (CDVA and UDVA) using the loga-
rithm of the minimum angle of resolution, intraocular pres-
sure (IOP) measurement, slit-lamp assessment of the
anterior segment, slit-lamp biomicroscopy assessment of

the posterior segment, tear-breakup time, and full labs (fast-
ing blood glucose, glycosylated hemoglobin [HbA ], and
liver and kidney function). Noncontact specular microscopy
using a noncontact Robo-7 microscope (Konan Medical,
Hyogo, Japan) was performed and repeated after 3 months.

AS-OCT Measurement

Next, AS-OCT scans of the cornea and corneal epithelium
were taken on separate occasions to avoid artifacts or
alterations due to examination with the SD-OCT
RTVuel00 (Optovue, Fremont, CA, USA) using the
L-Cam lens. Settings were eight meridional B-scans per
acquisition, consisting of 1,024 A-scans, each with 5um
axial resolution, acquired in less than a second. Images
with quality >30 the signal strength—index parameter (a
measure of the average signal strength across the scan)
were considered for the study. These eight radial meridio-
nal scans were employed by the system software to pro-
duce by interpolation three-dimensional thickness maps.
The RTVue system allows automated measurements of
every point in the inner 6 mm portion of the cornea and
epithelium, and automatically displays them in the form of
maps.

Two maps were displayed in each OCT image, corneal
thickness (pachymetry) and corneal epithelial thickness.
Each map was made up of 17 readings for corneal thick-
ness and 17 for epithelial thicknesss. A single central-
thickness reading corresponding to the 2 mm pupillary
zone (12.56 mm?), eight readings within the 2-5 mm
median zone (each 8.24 mm?), and eight readings within
the 5-6 mm peripheral zone (each 4.32 mm?) were given
in both the central corneal thickness (CCT) map and the
central corneal epithelial thickness map. Each reading was
the average thickness of the points in the zone it
was displayed on. This first reading was taken as the
preoperative measurement. OCT was repeated on the first
postoperative day and at 1 week, 1 month, and 3 months
following the surgery. OCT scans were done and read by
only one ophthalmology consultant specialized in ophthal-
mic investigations. We collected OCT measurements of
central corneal epithelial thickness and CCT preopera-
tively, on the first postoperative day, and at 1 week, 1
month, and 3 months after surgery in all patients.

Operative Procedure

All patients then underwent uneventful phacoemulsifica-
tion cataract-extraction surgery in the same operating thea-
ter under peribulbar anesthesia by two expert surgeons
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using the Infiniti Vision system with Ozil (Alcon
Laboratories, Fort Worth, TX, USA), using the stop-and-
chop technique, and a one-piece foldable intraocular lens
was implanted in the capsular bag. Postoperatively, all
patients received the same treatment regimen: broad-
spectrum antibiotic drops, steroid drops, antibiotic—steroid
combination ointment.) Postoperative assessment of visual
acuity and IOP, and slit-lamp examination of anterior and
posterior segments was repeated on all patients. OCT was
repeated on the first postoperative day and at 1 week, 1
month, and 3 months following the surgery.

Statistical Analysis

Statistical analysis was done using SPSS version 22.0
statistical software. Descriptive statistics were calculated,
and data are summarized as ranges and means = SD.
Comparisons between mean thicknesses were carried out
using Student’s ¢-test. Correlations between variables were
assessed with Spearman’s rank correlation coefficient (r).
Results were considered statistically significant at P<0.05.

Results

Fifty eyes of 50 patients (31 females and 19 males) were
enrolled in this study and divided into two groups: group
A (diabetic cataract patients) and group B (nondiabetic
cataract patients). Of the 50 eyes, 23 were left and 27
right (46% OS, 54% OD). In both groups, patient age
range was 40—70 years, with a mean age of 54.28+7.48
years for group A and 59.56+5.74 years for group
B. Preoperative CDVA was 0.744+0.23 and 0.75+0.21 in
groups A and B, respectively, with no statistically signifi-
cant difference.

In group A, four patients were type 1 (insulin-dependent)
diabetics, while the remaining 21 patients were type 2 (not
insulin-dependent) diabetics. In total, 8% were on insulin and
oral hypoglycemic drugs, 28% insulin only, and 56% oral
hypoglycemic drugs only. Proportionally, 30% of patients had
HbA . >8% (poor control) and 70% had HbA . 5.5%7.5%
(good control) with a mean of 7.4%+1.9%. The average
duration of diabetes was 5.84+4.32 years. Regarding cataract-
extraction surgery, there was no statistically significant differ-
ence between the groups regarding mean operative duration
(26.5£5.67, 27.1£5.75; P=0.326), estimated fluid used (78.4
+7.69, 75.36+9.67; P=0.163), or cumulative dissipated energy
(7.5943.2, 7.89+4.5; P=0.293), respectively. Also, no statisti-
cally significant difference was found between the groups
regarding mean preoperative endothelial cell count (2,689
and 2,789) and that at month 3 postoperatively (2,278 and

2,302), respectively. No elevation of IOP was noticed on the
first postoperative day or at any time throughout follow-up.
Preoperative OCT measurements of central, middle, and per-
ipheral corneal epithelial thicknesses in both groups are shown
in Table 1.

A statistically significant increase in central, middle, and
peripheral epithelial thickness in group A and group B was
found on the first postoperative day (7.2%, 6.6%, 7.3% and
6.2%, 6.9%, 6.2% from baseline, respectively; Table 2 and
Figure 1), with no statistical difference when groups were
compared on either parameter (0.72, 0.89; P=0.87). Marked
reduction in epithelial thickness was noted at 1 week post-
operatively from the first postoperative day’ recording; how-
ever, there was no statistical significance between the groups
in any area of the cornea (P<0.05, Table 3). The reduction in
epithelial thickness at 1 month postoperatively compared to
the first week was statistically significant in the diabetic group
but not in the nondiabetic group (Table 4). Epithelial thickness
results at 1 and 3 months in both groups showed no significant
difference when compared to each other or baseline (P>0.05).

Epithelial thickness changes in both groups throughout
the study are displayed in Figure 2. There was a strong
positive correlation between the epithelial baseline thickness

Table | Comparison of Means of Baseline Corneal Epithelial
Thickness for Diabetic and Nondiabetic Groups

Baseline Measurements

t-test for Equality of Means

Epithelial Thickness P (-Two- Mean SD
Tailed) Difference
Group A Group B
Central 53.36 ym 52.56 ym P=0.336 0.80 0.82
Middle 52.75 ym 51.95 ym P=0.282 0.80 0.74
Peripheral | 52.62 ym 51.87 ym P=0.366 0.74 0.82

Table 2 Mean Change in Epithelial Thickness on the First
Postoperative Day

Clinical Ophthalmology 2020:14

Mean Change from Baseline
Mean Change | SD Mean P (Two-
(in pm) Change Tailed)
(%)
Group | Central 3.80 2,10 | 72 <0.001
A Middle 3.85 215 (73 <0.001
Peripheral | 3.6l 224 | 69 <0.001
Group Central 3.40 2.14 | 6.6 <0.001
B Middle 3.15 1.97 | 62 <0.001
Peripheral | 3.07 222 | 62 <0.001
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Figure | SD-OCT of one patient on the first postoperative day, showing both epithelial and corneal thickness maps, with significant increase in thickness.

and first-day postoperative thickness in both groups. The
greater the baseline thickness was, the more it increased
following surgery (=0.804 and 0.710, respectively). Also
a strong positive correlation was found among mean thick-
nesses of the three epithelial regions with each other, mean-
ing that the greater the central epithelial thickness, the
greater the middle and peripheral zones’ thickness, and
vice versa. This correlation was found in both groups and
throughout all postoperative measurements (Table 5).
Corneal thickness was assessed in the same manner
and time frames for the same groups of patients, and was
found to have a similar pattern to epithelial thickness
changes (Figure 3); however, there was a statistically

significant difference between readings in the diabetic
and the nondiabetic groups on the first day and at the
first week (P=0.016, P<0.01), but not at months 1 and 3
postoperatively when compared to each other’s or baseline
(P>0.05). There was a positive correlation between mean
epithelial thickness and the mean CCT in both groups at
1 day postoperatively. Pearson’s correlation coefficient
was 0.76 for the diabetic group and 0.69 for the nondia-
betic group. CDVA was 0.24+0.23 and 0.15+0.21 in the
first week in groups A and B, respectively, and had
improved to 0.1140.13 and 0.09+0.11 in both groups by
the first month, with no statistically significant difference
between the groups at either time (£>0.05).
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Table 3 Mean Change in Epithelial Thickness | Week
Postoperatively in Comparison with the First Postoperative Day

Mean Change | Week Postoperatively
n | Mean Change | SD | P (Two-
(nm) Tailed)
Group | Central 25 | —2.76 2.71 | <0.001
A Middle —2.67 2.13 | <0.001
Peripheral -2.73 1.99 | <0.001
Group | Central 25 | —2.40 3.12 | 0.001
B Middle 242 2.28 | <0.001
Peripheral -2.85 2.44 | <0.001

Table 4 Mean Change in Epithelial Thickness | Month
Postoperatively in Comparison with the first Postoperative
Week

Mean Change in First-Month Postoperative Thicknesses
n Mean Change SD | P (Two-
(um) Tailed)
Group Central 25 [ —0.80 1.97 | 0.054
A Middle -1.05 223 | 0.026
Peripheral —0.68 1.59 | 0.042
Group Central 25 | —0.85 3.18 | 0.193
B Middle -0.39 298 | 0515
Peripheral -0.22 3.39 | 0.740
Discussion

Although changes following phacoemulsification in dia-
betic corneas have been extensively studied in relation to
the endothelial side, no studies have been conducted to
assess such changes to the corneal epithelium. To the best
of our knowledge, this is the first study to track remodel-
ing of the corneal epithelium following phacoemulsifica-
tion in diabetic patients in comparison to healthy patients
utilizing SD-OCT.

The present study found that the increase in central
corneal epithelial thickness in diabetics following pha-
coemulsification took up to 1 month to resolve comple-
tely compared to 1 week only in nondiabetics. In 2011,
central corneal epithelium thickness in a sample of 156
eyes of 79 nondiabetic subjects was assessed by Francoz
et al and found to be slightly lower than central epithelial
thickness measurements in the nondiabetic group in our
work (48.8+3.0 um versus 52.56+2.81 respectively).'”
This is probably due to different instrumentation, as
they used the Spectralis OCT (Heidelberg Engineering,
Heidelberg, Germany), which — unlike the RT-Vue used

in our study — does not automatically map and calculate
corneal epithelial thickness, but is rather measured
manually using cursors.'’

Rosenburg et al studied 44 eyes of 23 diabetic patients
and nine control eyes. Corneal epithelial thickness in diabetic
patients was compared to that in nondiabetic patients using
in vivo confocal microscopy, and like our results there was
no statistically significant difference. Baseline thickness of
the corneal epithelium in diabetics in their study was 51.9
+4.6 pm, while our measurement for the diabetic central
corneal epithelium was 53.36+3.00 um. This minor differ-
ence is possibly due to the difference in measurement tools as
well, since the epithelial thickness measurements were not
readily calculated and mapped, but rather a snapshot of the
desired view of the cornea was taken from the video and
digitized, then calculated externally using separate computer
software.'” Also, in 2014 Hatipoglu et al measured epithelial
thickness in 47 type 2 diabetic patients using 3-D OCT
(Topcon, Tokyo, Japan), which was found to be 51.9+4.9
pm, and found a tendency toward negative correlation
between epithelial thickness and HbA,. levels. This was
not found in our study, due to the fact that we excluded
patients with retinopathy or proliferative changes. Those
are the patients most likely to have significant thinning in
the epithelium."”

Changes in epithelial thickness of healthy nondiabetic
patients following phacoemulsification cataract surgery
were monitored by Kanellopoulos et al in 2014 using the
same AS-OCT machine used in our study, and their results
had the same pattern, showing an initial significant
increase in thickness in the central, middle, and peripheral
corneal epithelium on the first day following surgery,
followed by a significant decrease in epithelial thickness
of all areas at the first week postoperatively. Also, like our
findings, no changes were found between month 1 and 3
postoperative measurements when compared to preopera-
tive baseline levels in the nondiabetic group.®

Ishikawa et al in 2018 used the corneal densitometry
program of the Pentacam (Oculus, Wetzlar, Germany) to
assess changes in corneal epithelial thickness (calling it
“epithelial edema”) after uneventful phacoemulsification
cataract surgery in 54 eyes of 34 patients in the first post-
operative week. Their results were in parallel with our
nondiabetic-group results: statistically significant increase
in epithelial thickness on the first postoperative day that
decreased markedly back to near-normal measures by the
seventh day.*”

Clinical Ophthalmology 2020:14
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Figure 2 Epithelial thickness changes in both groups throughout the study period. (A) Group A (diabetic patients); (B) group B (nondiabetic patients).

Calabuig-Goena et al in 2016 examined 20 eyes of 20
patients using Cirrus HD-OCT (Carl Zeiss Meditec, Dublin,
CA) to compare epithelial and nonepithelial corneal thick-
ness 1 week and 1 month postoperatively with preoperative
measurements. Like our results, that there was no statisti-
cally significant difference between first week 1 postopera-
tive results and preoperative results. However, after 1 month
they found decreased epithelial thickness that was statisti-
cally significant from the preoperative result, and they
explained that corneal epithelial thinning was due to the
earlier increase in nonepithelial thickness.”!

Similar results were found by Zheng et al, who used SD-
OCT to assess central epithelial thickness following phacoe-
mulsification in cataract patients. Central epithelial thickness
was found to decrease after an initial significant increase to

near preoperative values at 3 days, became thinner at 5 and 7
days, and then returned to baseline at 14 days. Corneal basal
epithelial cell density increased significantly postoperatively.
Also, they found a negative correlation between CDVA and
central epithelial thickness and CCT.”

In our work, in addition to assessing epithelial thickness
changes in nondiabetic cataract patients, we monitored
changes in epithelial thickness of diabetic patients, which
were found to follow the same pattern as the nondiabetic
group, having an initial significant increase on the first day
followed by the same significant decrease at week 1 post-
operatively. At 1 month and 3 months postoperatively, there
were no significant differences from preoperative levels.
However, unlike the nondiabetic group, the diabetic group’s
month 1 postoperative measurements showed a significant
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Table 5 Correlations Between Each Corneal Zone and Others
on All Measurements

n Correlation (r) | P
DM CET/midET 25 | 0.969 <0.001
CET/periphET 0.938 <0.001
MidET/periphET 0.943 <0.001
Non-DM | CET/midET 25 | 0.680 <0.001
CET/periphET 0.667 <0.001
MidET/periphET 0.963 <0.001

Notes: r>0.7, very strong positive correlation; r=0.4-0.69, strong positive
correlation.

Abbreviations: CET, central epithelial thickness; MidET, middle epithelial thick-
ness; PeriphET, peripheral epithelial thickness.

difference from the first week 1 postoperative measure-
ments. This can only mean that the epithelial edema was
still resolving during the first month and that there was a
delay in recovery of epithelial thickness in the diabetic group
in contrast to the nondiabetic group.

Regarding corneal thickness, multiple studies have dis-
cussed the effect of phacoemulsification on CCT of normal
and diabetic patients. In our study, changes to CCT at differ-
ent postoperative intervals followed a pattern similar to those
of the epithelium. CCT at the first day postoperatively had
significantly increased in both groups, started to decrease by
the first week, and returned to normal by the first month, then
stayed normal at the 3-month measurement. Also, recovery
of the corneal edema was slower in the diabetic group than
the nondiabetic group. This goes along with what Morikubo
et al, with similar findings in their work with CCT

661
650 W
5%0
550
450

Pre-op CCT

3

8

Central Corneal Thickness in um

g

I 580
| 510

1d Post-op CCT 1w Post-op CCT 1m Post-op CCT3m post-op CCT
OCT Time

measurements in diabetic patients in comparison to healthy
subjects.?” The statistically significant difference between the
1-month and 1-week postoperative measurements confirmed
the delay in corneal edema recovery in diabetic patients
compared to nondiabetic patients. This was also evident in
the work of Morikuboet al in 2004.%*

It is thought that in diabetics, aldose reductase causes
intracellular accumulation of polyol, which acts as an osmo-
tic agent and leads to swelling of the endothelial cells.
Diabetes also reduces the activity of Na' K" ATPase of the
corneal endothelium, and this causes morphological and
functional changes in diabetic corneas.”> The current study
proved that the delayed recovery of the corneal thickness in
diabetic patients would be mirrored in the epithelium as well.
The molecular changes at the level of the corneal epithelium
could be similar to endothelial cells, which merits detailed
study. The delayed recovery of corneal and epithelial thick-
ness in diabetics was reflected in delayed visual recovery up
to 1 month postoperatively when compared to nondiabetics,
with no statistically significant differences in final CDVA
after 1 month. Multiple recent studies have shown no sig-
nificant difference between diabetics and nondiabetics in
visual outcomes after uneventful phacoemulsification, unless
diabetic patients had had previous laser treatment or signifi-
cant macular edema.***>

The current study showed similar visual outcomes in
diabetics in comparison to healthy patients, and this could
be attributed to the exclusion of diabetic patients with reti-
nopathy. HbA . percentage, duration of diabetes, and type of

m Diabetics

Non Diabetics

Figure 3 Central corneal thickness changes throughout the study period in both groups.
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diabetes showed no correlation

increased epithelial or

in our study with
thickness.
Rosenburg et al (2000) showed a weak positive correlation

corneal However,
between the severity of retinopathy and epithelial and cor-
neal thicknesses.'® This again might be attributed to the
small sample, random discrepancies in diabetes type, and
the lack of patients with severe retinopathy in our study.

Limitations
Limitations of this study include the small sample and
nonrandomization of the patients.

Conclusion

Phacoemulsification in diabetics showed slower recovery
in terms of corneal and epithelial thickness measurements
when compared to nondiabetic patients, with no effect on
final visual outcomes.
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